A new trinuclear complex Mn 3 (2,2 -bipy) 2 (C 7 H 5 O 3 ) 6 (1) with α-furacrylic acid (HL) and 2,2 -bipyridine as ligands has been synthesized. In 1, six L − anions link three Mn(II) cations to form a trinuclear structure. Each Mn cation is coordinated by six atoms to give a distorted octahedral coordination geometry. The luminescence and electrochemical properties of 1 were investigated. Complex 1 exhibits one intense fluorescence emission band at around 498 nm. It is paramagnetic showing weak antiferromagnetic coupling at low temperature. The electron transfer is irreversible in the electrode reaction of 1, one electron being involved in the reduction corresponding to Mn(III)/Mn(II).
Introduction
Due to the potential applications and significant involvement in various biological systems of multinuclear manganese complexes, their molecular construction and crystal engineering have attracted much attention. There are binuclear or multinuclear manganese complexes in the active sites of Mn catalase, Mn superoxide dismutase (Mn SOD), Mn riboncleotide reductase (Mn RR) and the oxygen-evolving complex of photosystem II in green plants [1 -3] . Therefore, it is interesting to synthesize multinuclear manganese c 2012 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com model complexes and study their properties in order to reveal the redox process of a manganese enzyme in organisms. So far, a large number of trinuclear manganese complexes with novel structures have been reported by using different types of ligands [4 -11] . Herein, we report the synthesis, crystal structure and luminescence and electrochemical properties of the new trinuclear Mn(II) complex Mn 3 (2,2 -bipy) 2 (C 7 H 5 O 3 ) 6 (1) with α-furacrylic acid (HL) as one of the ligands.
Results and Discussion

Structure description
As revealed by the molecular structure ( Fig. 1 ), 1 consists of three Mn(II) cations, six L − anions and two 2,2 -bipyridine molecules. The ligands L − have two coordination modes: µ 2 -α-furacrylato-O,O and µ 2 -α-furacrylato-O,O,O . They link the Mn(II) ions to give a trinuclear structure, where the end positions are coordinated by the 2, 2 -bipyridine molecules. All three Mn(II) ions lie in the same line with the middle one as the center of inversion. The adjacent Mn(II)-Mn(II) distance is 3.593Å. The coordination environment of each Mn(II) ion can be described as a distorted octahedron. Mn1 is coordinated by four oxygen atoms from three L − lig- ands and two nitrogen atoms from one 2,2 -bipyridine molecule. The bond angles O1-Mn1-N1, N1-Mn1-N2, N2-Mn1-O7, and O7-Mn1-O1 are 92.29 (6) 
Luminescence properties
The fluorescence property of 1 was measured in the solid state at room temperature in the range of 400 -530 nm, and the emission spectrum is shown in Fig. 2 (curve a). 1 exhibited one intense fluorescence emission band at around 498 nm with the best excitation wavelength at 500 nm. Under the same conditions, the emission bands of the free ligands 2,2 -bipyridine and HL were investigated, and they displayed fluorescence emission at about 497 nm (curve b) and 496 nm (curve c), respectively. 1 has a similar emission band shape and position compared with the ligands, which indicates that intraligand excitation is responsible for the emission of 1. In addition, probably due to the increased rigidity of the ligands coordinated to metal ions, the fluorescence intensity of 1 is stronger than those of the ligands [13 -15] . three-electrode system where glass/C was chosen as the working electrode, a saturated calomel electrode (SCE) as the reference electrode, and a platinum electrode as the counter electrode. The complex was dissolved in methanol, the resulting solution having a concentration of 1 × 10 −4 mol L −1 . An HAc-NaAc solution (pH = 4.0) was used as buffer solution. The scan range was −0.60 to 1.00 V, and the scan rate was 230 mV s −1 . The results show that there exists only one reduction peak with a peak potential of 0.038 V, demonstrating that the electron transfer in the electrode reaction is irreversible.
Electrochemical properties
Under the same conditions, the influence of the potential scan rate on the reduction peak potential was studied in the range of 230 -450 mV s −1 . The reduction peak potential (E pc ) shifted to a more negative value with increasing scan rate (v), and it was proportional to lg v in the range of 230 -450 mV s −1 . The linear regression equation was E pc = −185.27 lgv + 474.75 mV with a correlation coefficient of 0.9976 (Fig. 3b) . On the basis of the slope of E pc with lg v, the number of electrons involved in the reduction of 1 could be evaluated. The αn was calculated to be 0.32. Generally, the electron transfer coeffcient α is about 0.5 for totally irreversible electrode processes. Thus, the value of n, the elctron transfer number, was about 1, indicating that one electron is involved in the reduction, and the electrode reaction corresponds to Mn(III)/Mn(II).
Magnetic properties
The magnetic susceptibility data of 1 under variable temperatures (2.7 to 300 K) were colleted with an applied magnetic field of 2 kOe. The temperature dependence of the molar magnetic susceptibility of 1 is presented in Fig. 4 in the form of χ M and χ M T vs. T. As is evident from Fig. 4 , when the temperature drops to about 38 K, the value of χ M is significantly elevated, and the product of χ M T drops slowly. Such magnetic behavior indicates that 1 is a paramagnetic system and shows a weak antiferromagnetic coupling.
Conclusion
We have synthesized a new Mn(II) complex Mn 3 (2,2 -bipy) 2 (C 7 H 5 O 3 ) 6 based on the ligand α-furacrylic acid. The complex was characterized by X-ray diffraction analysis and fluorescence and CV measurement. The results indicate that the complex shows intense fluorescence at around 498 nm, that it is a paramagnetic system and shows a weak antiferromagnetic coupling at low temperatures, and that its electrode reaction corresponds to Mn(III)/Mn(II), the electron transfer being irreversible.
Experimental Section
All materials were of analytical grade and used without further purification. C, H, N analysis was conducted by means of a PE-2400(II) apparatus. The melting point was determined on a Beijing-made XT4 binocular micromelt- 
X-Ray structure determination
The X-ray diffraction measurement for 1 was carried out on a Rigaku Saturn CCD area detector at T = 113(2) K by using graphite-monochromatized MoK α (λ = 0.71073Å) radiation. The absorption correction was carried out by the program SADABS [16] . The structure was solved by Direct Methods and refined by a full-matrix least-squares technique using the programs SHELXS-97 and SHELXL-97 [17] , respectively. All hydrogen atoms were generated geometrically and refined isotropically using the riding model. Details of the crystal parameters, data collection and refinements are summarized in Table 1 , and selected bond lengths and angles are listed in Table 2 .
CCDC 829760 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
